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A Comparison of Three Methods for Weak Lensing 
Measurement

Overview 
Gravity stands alongside neutrino and 

electromagnetic radiation as an indep endent 
p robe of  the cosmos.  Gravitational lensing, 
because it arises solely f rom sp acetime curva-
ture, allow s p hysicists to map  baryonic and 
dark matter in the sky.  Theorists have show n 
that gravitational lensing’ s w eakest regime 
p robes structure on scales f rom galax y halos 
to galax y sup erclusters.  W eak gravitational 
lensing allow s us to directly measure, f or ex -
amp le, the p ow er sp ectrum of  mass density 
p erturbation on the scale of  eight megap ar-
secs. 

The p ow er sp ectrum tells us how  mat-
ter clump s together in the domain of  large-
scale structure ( L S S ).  F rom it w e can inf er the 
interp lay betw een matter condensation and 
cosmological ex p ansion, and thus the early 
evolution of  the universe as w ell as its f ate.  
M easuring the p ow er sp ectrum via w eak 
gravitational lensing theref ore yields a better 
understanding of  our universe. 

Three Principal Problems 
A  w eak lensing signal manif ests as 

about a tw o to ten p ercent shear and conver-
gence1 in an image.  Our earthbound p ersp ec-
tive p revents us f rom know ing directly how  
the image w ould ap p ear w ithout the shear.  
One p rincip al p roblem is to ex tract this signal 
w ithout ref erence to the unbiased image. 

A  second p rincip al p roblem involves 
systematic error.  W e w ant to analyz e small 
background galax ies because it is their images 
that f oregrounding L S S  biases w ith w eak lens-
ing.  A n anisotrop ic p oint-sp read f unction 
( P S F ), w hich also manif ests as a small shear, 
can distort w eak lensing signals.  P ix eliz ation 
also distorts smooth galax y shap es.  Identif ica-
                                                
1 From this point I will call shear and convergence 
simply  shear.  

tion and deconvolution of  systematic error 
f rom P S F  and p ix eliz ation ef f ects are essential 
f or measuring the w eak lensing shear.  W e 
must keep  systematic error below  the thresh-
old of  the w eak lensing shear, w hich req uires 
of  our images high resolution, low  noise, and 
correctible P S F .  This p ushes the limits of  
current technology. 

A  third p rincip al p roblem is that w e 
need not only deep  images w ith a high density 
of  small galax ies, but w ide images as w ell, f or 
w eak lensing analysis is statistical by nature.  
W e p ostulate that ( 1 ) distant galax ies ap p ear 
ellip tical in our images, and ( 2 ) in the absence 
of  shear, a local ensemble has null average 
ellip ticity.  S hear manif ests as a locally non-
z ero average.  To generate a meaningf ul shear 
map , though, w e need to average over multi-
p le locales.  Our images must theref ore re-
solve many distant galax ies over a w ide region 
of  the sky. 

Modern Data and Methods 
These three p rincip al p roblems dictate 

that w e need w ide and deep  images w ith low  
systematic error to map  matter w ith w eak 
lensing.  F ortunately, the H ubble S p ace Tele-
scop e ( H S T) f ulf ills these req uirements.  The 
Great Observatories Origins D eep  S urvey, or 
GOOD S , w hich, in p art, uses H S T, has reso-
lutions f rom 0 .0 5  dow n to 0 .0 3  arcseconds 
p er p ix el w ith varying but low  noise.  A nd 
w hereas GOOD S  covers roughly 3 2 0  sq uare 
arcminutes in tw o disj ointed f ields, another 
H S T p roj ect currently underw ay, the C osmic 
E volution S urvey, or C OS M OS , covers sol-
idly tw o sq uare degrees at comp arable resolu-
tion. 

To tackle the three p rincip al p roblems 
given modern H S T data, three methods have 
become p rominent.  K aiser, S q uires, and 
B roadhurst ( K S B , 1 9 9 5 ) p rop ose an elegant 
and simp le method to measure galax y shap e 
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and determine P S F  using nearby stars.  R ho-
des, R ef regier, and Groth ( R R G, 2 0 0 0 ) revisit 
the K S B  algorithm, seeking to imp rove on it.  
Then, in 2 0 0 3 , R ef regier and B acon introduce 
their innovative S hap elets method, w hich in-
volves map p ing galax y shap es onto the tw o-
dimensional q uantum harmonic oscillator 
sp ace.  H ere image deconvolution reduces to 
simp le matrix  op erations. 

Objectives 
U sing actual and simulated H S T data, 

w hat are the relative merits and shortcomings 
of  the K S B , R R G, and S hap elets methods?  
H ow  does each method p erf orm w hen analyz -
ing galax ies of  varying f lux , area, shap e, and 
ensemble distribution?  C an they accurately 
calculate P S F  and recover the w eak lensing 
shear?  W ith ex isting sof tw are, can w e meas-
ure w eak lensing and map  matter in GOOD S  
and C OS M OS ?  M y S U R F  p roj ect w ith P ro-
f essor R ichard E llis and P ostdoctoral F ellow  
J ason R hodes at C altech w ill answ er these 
q uestions.  These obj ectives are consistent 
w ith those of  my H onors S enior Thesis, enti-
tled “ W eak Gravitational L ensing in 
GOOD S ,” 2 w hich I conduct at the L aw rence 
B erkeley N ational L aboratory w ith P rof essor 
George F . S moot.  F or my thesis I measure 
the L S S  p ow er sp ectrum and its normaliz ation 
f actor, σ8, using GOOD S . 

Approach 
H aving already begun w eak lensing re-

search f or my undergraduate H onors S enior 
Thesis has p rep ared me f or this S U R F  p ro-
j ect.  To f urther p rep are f or S U R F  I p lan to 
consolidate my know ledge of  lensing theory 
and the three methods bef ore arriving at C al-
tech.  S tudying the p ap ers w ill accomp lish 
this.  A lso, I have discovered that H S T image 
analysis is comp uter intensive, so during that 
time I w ill ensure I have a w orking know ledge 

                                                
2 http: / / adu ro. lb l. gov/ f wh/  

of  the necessary p rogramming languages and 
sof tw are such as C + + , M atlab, ID L , and P erl. 

Together, my group  and D r. E llis’ s 
have imp lemented the sof tw are f or most as-
p ects of  these methods already, and w e are 
able to generate simulated H S T images.  I w ill 
f ill in the gap s by w riting the K S B  P S F  correc-
tion code and the S hap elets P S F  correction 
code. 

I p lan to analyz e the simulated H S T 
images w ith our sof tw are, varying inp ut galax y 
p arameters and P S F .  The sof tw are w ill at-
temp t to recover the galax y p arameters and 
P S F , and I w ill comp are these results to the 
know n inp ut to determine the error.  To 
search f or a real signal, I w ill also p rocess 
GOOD S  and C OS M OS  data, af ter w hich our 
H S T simulations are modeled.  In the last p art 
of  the S U R F  p eriod I w ill analyz e the resultant 
data, as is ap p rop riate f or the above Obj ec-
tives, my H onors S enior Thesis, and p ossibly 
j ournal p ublication. 
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